Dispersion characteristics of an electric power plant\u27s stack effluents under varying atmospheric conditions. by Basta, Michael F.
Lehigh University
Lehigh Preserve
Theses and Dissertations
1-1-1978
Dispersion characteristics of an electric power
plant's stack effluents under varying atmospheric
conditions.
Michael F. Basta
Follow this and additional works at: http://preserve.lehigh.edu/etd
Part of the Electrical and Computer Engineering Commons
This Thesis is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion in Theses and Dissertations by an
authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.
Recommended Citation
Basta, Michael F., "Dispersion characteristics of an electric power plant's stack effluents under varying atmospheric conditions."
(1978). Theses and Dissertations. Paper 2156.
DISPERSION CHARACTERISTICS OF AN 
ELECTRIC POWER PLANT'S STACK 
EFFLUENTS UNDER VARYING 
ATMOSPHERIC CONDITIONS 
By 
Michael F. Basta 
A Thesis 
Presented to the Graduate Committee 
of Lehigh University 
in Candidacy for the Degree of 
Master of Science 
in 
Electrical Engineering 
Lehigh University 
1978 
ProQuest Number: EP76429 
All rights reserved 
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed, 
a note will indicate the deletion. 
uest 
ProQuest EP76429 
Published by ProQuest LLC (2015). Copyright of the Dissertation is held by the Author. 
All rights reserved. 
This work is protected against unauthorized copying under Title 17, United States Code 
Microform Edition © ProQuest LLC. 
ProQuest LLC. 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
CERTIFICATE OF APPROVAL 
This thesis is accepted and approved in partial ful- 
fillment of the requirements for the degree of Master of Science. 
9^WrvcW> G, KVT0 
(date) 
Professor in Charge 
Chairman of Department 
11 
ACKNOWLEDGEMENTS 
The author expresses his thanks to Mr. G. H. Gockley and 
Mr. J. K. Redmon for their interest, direction, guidance and 
encouragement in this thesis topic. The author also appreciates 
the patience and understanding of his family. The author is grateful 
for the dedicated work of Connie Kenny who provided the stenographic 
skills necessary for the production of this thesis. 
I 
111 
TABLE OF CONTENTS 
l*S£ 
Abstract. 
Introduction. 
Background. 
Determination of Critical Terrain in the 
Vicinity of the Electric Power Station    30 
Development of Plume Rise and Concentration'Estimates.... 33 
Use of a Computer Program to Determine Ground Level 
Concentrations of Sulfur Dioxide  42 
Results  56 
Conclusion  63 
t r 
Bibliography  65 
IV 
TABLE OF CONTENTS (Cont'd) 
Page 
Appendix 1    69 
Brief Biography    76 
) 
J 
LIST OF TABLES 
Page 
Table I 
Table II 
Table III 
Table IV 
Table V 
Table VI 
Estimated National Air Pollutant 
Emissions 1969     5 
Current Ambient Air Quality . 
Regulations    10 
Atomic Energy Commission Classification 
of Atmospheric Stability    19 
Critical Terrain in the Vicinity of the 
Generating Station    59 
Wind Direction Frequency Distribution 
Prepared From 150 Meter Level    60 
Maximum 1-Hr SO. Concentrations Burning 
Coal With a Sulfur Content of 1.8%    61 
VI 
LIST OF TABLES Cont'd) 
Page 
Table VII     Maximum 24-Hr SO. Concentrations Burning 
Coal With a Sulfur Content of 1.8%    62 
Table VIII    Maximum 1-Hr S0„ Concentrations Burning 
Coal With a Sulfur Content of 2.3%    64 
VII 
LIST OF FIGURES 
Pa Re 
Figure I      Incremental Increase of Boundary 
Mixing Depth as a Result of Solar 
Isolation   24 
Figure II     Critical Receptor Location in the 
Plant Site Vicinity   32 
vin 
ABSTRACT 
Combustion of fossil fuels for electric power generation 
is known to have contributed significant sulfur dioxide emission 
into the atmosphere.  In order to reduce these emissions, regu- 
lations have been issued by governmental agencies limiting these 
emissions. The two regulations which limit sulfur dioxide emissions 
from electric power plants in Pennsylvania are ambient and emission 
standards. Depending on atmospheric conditions the ambient standard 
can be more restrictive than the emission standard.  The author 
intends to determine optimum levels of sulfur in coal which can be 
burned to meet the ambient regulations under varying atmospheric 
conditions and plant parameters. This study will center around a 
1460 megawatt coal burning power generating station consisting of 
two 730 megawatt generators.  In the process of investigating the 
problem, meteorological data will be monitored at a location 1/4 
mile downwind of the station where a 500 foot meteorological tower 
is located and appropriate instrumentation exists. The meteoro- 
logical data will be analyzed and segmented for use in a computer 
program which will calculate sulfur dioxide levels at critical 
peaks in the vicinity of an electric generating station for varying 
plant parameters, percent sulfur in coal, and atmospheric conditions. 
As a result of the study, it is concluded that coal 
containing a higher level of sulfur (2.3% vs 1.8%) can be burned 
successfully and still meet the ambient and emission standards 
established by Local, State or Federal agencies.  Based on a cost 
differential between 1.8% sulfur coal and 2.3% sulfur coal of a 
$1.10/ton for the year studied, and based on a coal consumption for 
the same year of 4,172,286 tons a net savings of $4,589,514.60 
could be realized without violating ambient and emission standards 
established by the governing agencies. 
Therefore the conclusion of the study indicates a con- 
siderable savings can be realized by the effective measurement 
of emissions and the appropriate burning of higher sulfur coal. 
INTRODUCTION 
Customers, local special interest groups, regulatory 
agencies and government are placing demands and constraints on the 
electric power industry. Among the demands made by these various 
groups are the environmentalist's demand for little or no pollution 
of air, land or water, and society's demand that abundant power be 
available in the future to meet anticipated growth at a low cost. 
This paper will try to meet both demands by determining 
the highest sulfur percent content coal (which is the lowest cost 
coal) which can be consumed in a fossil generation plant and still 
met Air Standards as dictated by law.  This paper will utilize 
operating parameters, meteorology and topography representative of 
a two boiler, two stack coal fired unit with a maximum rating of 
1460 megawatts of generating power. The Turner Dispersion Model, 
as described in AP-26  , is used to compute hourly sulfur dioxide 
averages. The plume rise is computed using the latest version of 
(2) 
Brigg's plume rise modelv  . 
The assessment of the impact which the plant will have 
on the ambient air quality is theoretical. The theory is based on 
past experience of many researchers in the field of air pollution 
(3) 
meteorology such as the Tennessee Valley Authority (TVA)  , the 
(4) 
Environmental Protection Agency (EPA)V  , the Atoaic Energy 
Commission (AEC)   , and others. 
Federal and State Air Pollution Agencies have promulgated 
air quality and power plant emission standards which are set forth 
in the Federal Environmental Protection Agency approved State 
Implementation Plans. The capability to satisfy the requirement 
of these standards is both a function of plant design and the 
environs of the site. Design factors which are critical in the 
plant design will naturally be the number of power plant units, 
height of stacks, stack exit temperature, stack exit velocity, 
coal consumption, stack diameter, particulate emission rate, 
sulfur content of coal, exhaust temperature, gas flow rate, hours 
of operation and the plant operating capacity factor. 
The environs of the site consist of upper air meteor- 
ology and topographic features representative of the plant site. 
Upper air meteorology of the plant site will be used to determine 
t 
wind persistence for the short term standard evaluation and the 
joint distribution of wind direction of stability class frequency 
to evaluate annual average concentrations. Topographic features 
are determined from 7.5 mid scale topographic maps of the plant 
site area and "significant" peaks for each site are identified for 
use in the computation scheme. Additional details concerning this 
will be discussed in the appropriate section of the paper. 
BACKGROUND 
Law 
Since the generation of electricity by coabustion 
of fossil fuels is known to contribute a .significant portion 
of man made pollutant emissions, it is not surprising that 
Electric Power Stations would be subject to environmental 
( 
regulations. An estimate of the total emissions by source is 
shown below: 
TABLE I 
ESTIMATED NATIONAL AIR POLLUTANT EMISSIONS 19696 
(MILLION TONS/YEAR) 
SOURCE sox PARTICULATES 
TRANSPORTATION 1.1 .8 
FUEL COMBUSTION 
IN STATIONARY SOURCES 
(MOSTLY POWER) 
24.4 7.2 
INDUSTRY 7.5 14.4 
SOLID WASTE 
DISPOSAL 
.2 1.4 
MISCELLANEOUS .2 11.8 
TOTAL 33.4 35.6 
L 
The public health and welfare are known to be 
affected by Air Pollution. Health effects can be classified 
as either acute or chronic. Acute effects occur because of 
extraordinary concentrations that exist for hours, or at most 
a few days.  Chronic effects occur due to continued exposure 
to lower concentration levels such as one night encounter 
living in an urban area. 
Of course, acute effects can be dramatically demon- 
strated such as an episode in Donora, PA.  The Donora episode, 
which occurred in October, 1946, is characteristic of acute 
effects; at that time a steel mill, a sulfur acid plant, a 
large zinc production mill and other industries were located 
in the city which is situated in a valley on the Monongahela 
River. The prevailing meteorological conditions consisted of 
an atmospheric temperature inversion and foggy, calm weather. 
During the episode which lasted five days, the industry 
continued to operate and presumably emit air pollutants which 
were trapped by the inversion layer and undiluted by the 
wind.  Approximately forty-three percent of the valley's 
fourteen thousand people became ill and twenty people died. 
Although coughing was the most common symptom, many people 
complained of headaches, nausea, vomiting and chest constric- 
tion. Among those who died were many with pre-existing 
cardiovascular disease or respiratory problems. An observer 
on the scene, a few hours prior to lifting of the fog, Measured 
extremely high concentrations of particulates (2500 aicrograas 
per cubic meter 1 hour average) and sulfur dioxide (approximately 
2 PPM or 5200 micrograms per cubic meter).1 '*  ' 
Although the acute effects of air pollution are 
striking, it is believed that these effects are only the most 
easily observed, and that long-term population exposure to 
lower levels of atmospheric pollution is SIBO significant. 
Cities and towns affected by adverse air quality 
have attempted to regulate emission of those pollutants 
responsible. The city of St. Louis outlawed use of Smoky 
Illinois coal in 1937.  Regulation of dust and smoke emissions 
was common in urban areas as early as the 1940's.  Sulfur 
dioxide emission regulations are of more recent application. 
i 
In 1959, the city of Los Angeles instituted sulfur dioxide 
regulations in order to control smog; unfortunately these 
regulations failed to achieve smog control because atmospheric 
sulfur dioxide, if anything, inhibits smog formation.  Soon 
sulfur dioxide emissions regulations began to appear in other 
areas with higher sulfur dioxide concentration than Los 
Angeles.  Many major East Coast urban areas have passed 
regulations containing progressive reductions in the perais- 
(9) 
sible sulfur contents of. fuel. 
The focus of the air quality effort has been national 
since the passage of the Clean Air Amendment of 1970 and the 
creation of the Environmental Protection Agency.  The Clean 
Air Act is a major piece of legislation which has, or will 
have, effect on the air we breathe, the automobiles we drive, 
the electric energy we use, etc.  Central to the act's purpose 
is a concept of establishing National Ambient Air Quality 
standards for air pollutants.  These standards, to be issued 
by the Environmental Protection Agency Administrator, are 
minimum levels (maximum concentration of air pollutants) of 
air quality and must be achieved throughout the country.  It 
might be said that the intent of Congress was to insure the 
access of every citizen to clean air.  For each ambient air 
standard issued (or revised) the act requires that each state 
submit an implementation plan indicating how the ambient 
standard would be achieved, usually through reducing emissions 
of each pollutant (emission roll back) and also a time table 
for achievement.  For each pollutant, primary and secondary 
standards have been issued by the Environmental Protection 
Agency (Table II, Page 10). 
National Primary Ambient Air (ambient air means 
that portion of the atmosphere, external to building, to 
which the general public has access) Quality Standards define 
levels of air quality which the Administrator (administrator 
means the administrator of the Environmental Protection 
Agency) judges are necessary, with an adequate margin of 
safety to protect the public health.  National Secondary 
Ambient Air Quality Standards also define levels of air 
quality which the administrator judges necessary to protect 
the public welfare from any known or anticipated adverse 
affects of a pollutant. Such standards are subject to revision, 
and additional primary and secondary standards may be promulgated 
as the administrator deems necessary to protect the public 
health and welfare. All measurements of air quality are 
corrected to a reference temperature of 20°C and to a reference 
pressure of 760 millimeters of mercury (1,013.2 millibars). 
TABLE II nn. 
CURRENT AMBIENT AIR QUALITY REGULATIONSUU; 
National* Ambient Air Quality Standards for Sulfur Dioxide 
SO, Standard 
(ug/B3) (PPM) 
Averaging 
Period 
Primary 
Annual 80 
24-hour 365 
3-hour _ 
Secondary** 
1300 
*The Commonwealth of Pennsylvania has adopted the Federal Ambient 
Air Quality Standards. 
**The Federal Register, volume 38, No. 178, September 14, 1973 
revoked the secondary annual average and maximum 24 hours concen- 
tration. The secondary 3 hours standard of 1300 micrograas for 
cubic meters (.5 PPM) not to be exceeded more than once per year, 
however, still remains in effect.   ' 
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B.  Effects of Meteorology 
Meteorological conditions in the vicinity of a 
power plant site are most important in evaluating the environ- 
mental impact.  Meteorological conditions determine dispersion 
capabilities of the atmophere and directly affect the downward 
concentration of pollutants.  Air quality standards are set 
for short term exposures, three and twenty-four hours and for 
long term, annual, concentrations. Accordingly, different 
meteorological conditions are significant in evaluating the 
assimulative capacity of the atmosphere (i.e., the ability of 
a power plant to comply with standards).  Typically, the 
annual standards are not as limiting to power plants as are 
the short terms standards. This is due to the variability of 
the wind which rarely persists in any single direction for a 
long period of time and a relatively infrequent occurrence of 
worse-cased dispersing conditions in one direction over the 
period of a year. An exception exists, of course, in areas 
where the air flow has a directional preference, as for 
example within a valley.  However, even in the valley-ridge 
terrain preferential air flows are not significant in analyzing 
the long term concentration of pollutants if the effective 
pollutant emission point is well above the ridge. With 
sufficient tall stack design, the long term or annual air 
11 
quality standard is not expected to be a liaiting criterion. 
Meteorological data for evaluation of long term standards 
are, therefore, selected froa aeteorological stations not 
significantly influenced by valley conditions and which are 
more representative of regional air flow patterns. Data froa 
these sources are summarized according to wind direction, 
wind speed, atmospheric stability, and mixing height and 
applied to predict long term down wind concentrations froa 
the power plant for different operating parameters. 
Analysis of a power plant's ability to comply with 
short term air quality standards requires a great degree of 
meteorological data evaluation.  Certain meteorological 
conditions have been identified through experience as critical 
to assessment of short term air quality impact. These con- 
ditions are to be identified as to their significance to the 
power plant and site. The critical or worse case meteoro- 
logical conditions of importance to the analysis of the short 
term air quality standards are; high wind speed neutral 
atmospheric stability conditions, the inversion breakup 
(fumigation) conditions, and the complex inversion trapping 
(limited layer mixing) conditions. 
12 
Inversions are classified according to the Method 
of formation and according to the height of the base, the 
thickness and intensity. A surface inversion usually occurs 
on clear nights with low wind speed.  In this situation, the 
ground cools rapidly due to the prevalence of long wave 
radiation to the outer atmosphere. The surface air becomes 
cooler than the air above it and vertical air flow is halted. 
In the morning the sun warms the surface of the earth and the 
r- 
breakup of the inversion is rapid. Smoke plumes from stacks 
are quite often trapped in the stable radiation inversion 
layer at night and then brought to the ground in a fumigation 
during morning hours. The result is high ground level concen- 
trations. 
Meteorological conditions affect both the transport 
and the diffusion of an effluent emitted into the atmosphere. 
Plume transport is determined by the local wind speed and 
direction, which are generally induced by large scale pressure 
systems. The intensity of these pressure systems, their 
locations and movements determine the general distribution of 
wind in a given area. An increase in wind speed tends to 
stretch a plume in the downwind direction, thus decreasing 
its concentration, and a change in wind direction acts to 
spread a plume to a larger volume of air and decrease the 
concentration at any one point. 
13 
Plume diffusion is primarily a function of the 
intensity and scale of atmospheric turbulence.  The turbulent 
air causes dilution of the plume. Turbulence generated when 
the motion of the air interacts with topographic features 
(e.g. trees and buildings) is called mechanical turbulence. 
Convective turbulence results when the air is cooler than the 
ground surface over which it flows and is heated by contact 
with the ground. 
The intensity of turbulence, which affects how 
quickly the effluent will be dispersed, is dependent upon the 
thermal stratification or stability of the atmospheric layer 
within which the plume is located.  Stability conditions are 
classified into three broad categories; unstable, neutral, 
and stable.  Under stable, i.e., inversion or subadiabatic 
conditions* air temperature decreases with height at a rate 
less than the adiabatic lapse rate, vertical atmospheric 
motions are suppressed, and consequently any pollutant emitted 
at ground level tends to remain at ground level, while effluents 
*(when a small volume of air is forced upward in the atmosphere, 
it encounters lower pressures, expands and cools.  If we assume 
that this process is adiabatic for example that there is no change 
of heat between the environment and the small volume, the rate at 
which the cooling occurs during the ascent is the dry adiabatic 
lapse rate - .98°C/100M) 
14 
from elevated sources stay elevated and do not normally reach 
the ground until the plume has traveled many kilometers. 
Ground-level sources are generally the aajor contributors to 
ambient sulfur dioxide concentrations under stable conditions. 
This thermal stratification is common during clear nights 
with light wind speed. 
Unstable conditions occur on days with light to 
moderate wind speeds and strong solar heating or when cold 
air is transported over a much warmer surface.  In this case, 
air temperature decreases with height at a rate often exceeding 
1°C per hundred meters. Unstable lapse rates are usually 
confined to the lowest several hundred meters of the atmosphere. 
The strong vertical motions that occur in unstable conditions 
cause low-level emissions to disperse rapidly upward and 
bring elevated plumes rapidly to the ground. As a result, 
elevated sources frequently make large contributions to 
ambient plume concentrations under unstable thermal strati- 
fications. 
Finally, when the air temperature lapse rate remains 
approximately adiabatic, and there is no tendency for a 
displaced parcel to gain or lose bouyance, the stratification 
is called neutral.  In most locations near-neutral stability 
15 
is common under cloudy, windy conditions at any tiae of day. 
The wind flow over the underlying surface under such condi- 
tions creates mechanical turbulence and, hence, good mixing. 
During high wind speeds and neutral conditions, emissions 
from sources with tall stacks often result in high ground- 
level concentrations because of the suppression of plume 
rise.  For ground-level emissions, the concentrations for 
near-neutral conditions normally range between those for 
stable and unstable conditions. 
For the purpose of making a tractable number of 
diffusion calculations, wind speed classes are defined by the 
range of wind speeds likely to accompany a particular weather 
condition or stability class.  For example, in an unstable 
weather condition, wind speeds near the ground are likely to 
range form 3.2 to 19.3 KMS per hour.  It is normally impossible, 
for example, to maintain an unstable lapse rate with winds of 
80.5 KMS per hour. During neutral stability, however, winds 
greater than 56.3 KMS per hour are reasonable. Thus, the 
appropriate wind speed classes for neutral stability typically 
range from 6.4 to 56.3 KMS per hour. For purposes of modeling, 
16 wind directions are defined by dividing a circle into 16 
sectors, with each sector incorporating a 22.5° segment of 
the circle. 
16 
The most direct method of determining local stability 
(and thus the dispersive capability of the atmosphere) entails 
frequent soundings to monitor the actual temperature gradient 
to a height of several thousand feet.  However, the release 
of radiosonde ballons to achieve such information is performed 
only twice daily and at only a relatively few weather stations 
in the United States. Alternative classification schemes, 
based upon routinely available observations made at most 
national weather service stations, have been developed to 
afford an indirect determination of stability on a hourly 
basis. 
The most widely accepted classification schemes 
were published by the Atomic Energy Commission in their AEC 
(12) Safety Guide 23   . The temperature change with height is 
computed in degrees centigrade per 100 meters for each hour. 
This value is compared to the Atomic Energy Commission 
stability classification criteria (Table III, Page 19) and a 
stability category is determined. 
In addition to the dispersive effects of the atmos- 
phere in the layer adjacent to the ground, as described by 
the stability categories, important effects result from the 
special and temporal variations in the vertical temperature 
17 
profile. For exaaple, it is not uncoaoon for ■ neutral or 
unstable atmospheric boundary layer to be lidded by a layer 
of stable air that effectively caps the vertical dispersion 
of effluents and consequently increases the ground-level 
pollutant concentrations due to relatively low-level sources. 
18 
TABLE III 
ATOMIC ENERGY COMMISSION 
CLASSIFICATION OF ATMOSPHERIC STABILITY 
Stability 
Classificatiop 
Extremely unstable 
Moderately unstable 
Slightly unstable 
Neutral 
Slightly stable 
Moderately stable 
Extremely stable 
Pasquill 
Category 
Temperature Change 
with height (°C/100a) 
A < -1.9 
B -1.9 to -1.7 
C -1.7 to -1.5 
D -1.5 to -0.5 
E -0.5 to 1.5 
F 1.5 to 4.0 
G > 4.0 
19 
Elevated inversions occur with various Meteorological 
situations. For example, fronts, the atmospheric boundary 
between two air masses having distinct temperatures and 
densities are characteristic temperature inversions. The 
vertical structure of atmospheric fronts is such that the 
height of the temperature inversion with respect to a parti- 
cular source depends upon the source's location with respect 
to the surface front.  In addition, frontal boundaries, 
excluding stationary fronts, move in such a manner that the 
height of the accompanying inversion lid changes with time 
over an area.  These fronts typically result from synoptic 
scale (i.e., on the order of 1,000 kilometers) air mass 
movements. Other fronts can be derived from mesoscale (100 
km) or local (approximately 1-15 km) effects.  Boundaries 
separating air masses having significant differences in 
moisture content also exhibit inversion lids and are fre- 
quently a result of mesoscale phenomena (e.g., mountain 
induced dry lines).  Lake or sea breeze fronts are examples 
of meso-or-local-scale air mass boundaries. 
Another condition that induces elevated inversions 
is the subsidence (or sinking) of air from higher to lower 
atmospheric levels.  Subsidence results from horizontal 
conversions of air at the mid levels of the troposphere. The 
20 
mass accumulation of air in the convergent zone simultaneously 
causes the mid-level air to sink, and the atmospheric pressure 
at the ground to rise. The subsiding air waras at the adiabatic 
lapse rate, which is normally greater than the local lapse 
rate. A temperature inversion therefore results at the base 
of subsiding layers.  Subsidence inversion characteristically 
occurs with strong surface high pressure systems (anti-cyclone). 
In the mid-latitudes the degree of subsidence and the result 
of inversion lid can be highly variable. However, deep 
subsidence inversions can occur in association with stagnant 
large-scale weather patterns and can cause episodic events 
important in air pollution meteorology.  Subtropical latitudes 
are strongly influenced by very strong-semi-permanent subsi- 
dence inversions. 
The mixing height (or depth) is defined as the 
height above the surface through which relatively vigorous 
(13) 
vertical mixing occurs   . Although an elevated inversion 
is a sufficient condition to define a.mixing depth, it is not 
a necessary one. That is, the lack of an elevated temperature 
inversion does not imply a state of unlimited atmospheric 
mixing. Figure 1, Page 24 delineates a sample environmental 
temperature lapse rate characteristic of the early morning 
(time To). Also depicted is a dry adiabat (line of constant 
21 
potential temperature), isotherms (lines of constant tempera- 
ture), isobars (lines of Constance pressure); and the approxi- 
mate heights of the pressure levels indicated by the scale on 
the right side of the figure.  Initially (at time To), a 
nocturnal inversion is present and is indicated by the increase 
of temperature with height from ground surface to 950 MB with 
an approximate depth of 600 meters.  Following sunrise, the 
ground is wanned by an initial solar heating, and the ground 
in turn heats the surface-bounded layers of air. With the 
assumption of no thermal exchange (adiabatic process) between 
the heated air parcel and the colder environmental air (as 
depicted by the sample lapse rate), the heated air will rise 
because it is less dense than the environment. As the warm 
air rises, it expands and cools according to the dry adiabatic 
lapse rate (e.g., in the figure, a dry adibat starting at T, 
and paralleling the one indicated) until the warm parcel 
reaches point A where it and the environment have an equivalent 
temperature and density.  Simultaneously some colder environ- 
mental air sinks and replaces the evacuated column ajacent to 
the ground. The sinking air warms adiabatically. The rising 
of heated air and the sinking of the replacement air is a 
manifestation of convective turbulence. 
22 
With the increased solar heating during the day the 
indicated nocturnal inversion will be continuously eroded 
until a surface temperature T. has been reached and the 
entire inversion has been destroyed. As the ground continues 
to heat during the day, the associated turbulence exchange of 
air induced by convection also continues and increases their 
mixing depth.  However, at some point during the afternoon, a 
maximum temperature mixing depth will be reached. For example 
given in (Figure 1, Page 24) the maxima are indicated by 
surface temperature T~ in the corresponding mixing depth of 
about 1500 meters (i.e., from 1000 to 850 MB pressure). With 
reference to a stack plume, point C represents an "effective 
lid" to further plume dispersion (i.e., by the mechanism of 
convection turbulence), although there is not an environmental 
temperature inversion present. 
23 
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C.   Diffusion Modeling 
Diffusion modeling is a mathematical tool used in 
the field of air pollution meteorology to simulate the various 
processes that affects air borne effluents from a pollutant 
source or group of sources from the tine that the effluent 
plume leaves the source until the time it arrives at anyone 
of several receptor sites.  By use of a model, one can calcu- 
late the impact on ground-level concentrations under various 
meteorological conditions and source characteristics. 
Modeling is accepted by the Federal Environmental Protection 
Agency (EPA, 1974, as an appropriate tool in determining the 
air quality impact of various pollutant sources) 
The model used in this paper is a Pasquill-Gifford 
type, which was developed by the National Oceanic and Atmos- 
pheric Administration^ ^ (NOAA, 1972) at the request of the 
Department of Interior for the Southwest Energy Study. This 
model, in the opinion of the Environmental Protection Agency's 
Administrator "is based on reasonable assumptions regarding 
meteorogical and topographical factors and valid computational 
techniques.  Therefore, while predictions obtained from 
unvalidated models are not regarded as a sufficient basis for 
determining the exact degree of emission control necessary 
25 
for obtainment and maintenance of national ambient air quality 
standards in an area of rough terrain, it is the administrator's 
judgement that the NOAA Model has sufficiently sound technical 
basis to justify the conclusion that its predictions are 
generally correct'    .  Required modifications will be made 
to this model as to treatment of terrain and stability classes 
for the plant site. 
The Gaussian plume model has been used routinely in 
engineering analysis of point sources for several decades. 
Although usable forms of the Gaussion Model first appeared in 
the early 1930's, they were unvalidated. Analytically derived 
versions were presented by Roberts in 1923   . The major 
applications of Gaussian dispersion modeling have included 
determination of minimum stack heights for industrial plants, 
stack-building configurations to reduce downwash effects, and 
the general problem of estimating the maximum downwind impact 
of gases, particulates and radioactivity. 
The fundamental equation used in the model is the 
Gaussian plume equation which estimates ground-level pollutant 
concentrations from an elevation point source (a typical 
stack) as presented in the workbook of atmospheric diffusion 
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estimates, by Turner (1969). The general form of the equation 
for a coordinate system is: 
x (o, o. z) - , <|v5V!) • <"1/2(y/V2 y zH 
2 Z 
e-l/2  ( 
The source base is set at z equal to zero in the 
coordinate system, and the plume center line reaches the 
equilibrium height at some distance downwind from the source. 
The meteorological data and plant emissions will be 
used in the basic Gaussian equation in the following manner. 
1. The variable q in the equation represents source strength 
(mass/time). The factors which go into computing the 
source strength of a single source point should include 
the sulfur content of the fuel used and the total amount 
of fuel burned. These factors are, in turn influenced 
by the loading characteristics of various averaging time 
and the meteorological conditions. 
2. The variable H in the basic equation represents the 
effective stack height (length) of the emissions at the 
height at which the plume becomes essentially level. 
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Effective stack height is the SUB of the actual stack 
height and plume rise. The distance a piuse will rise 
vertically as it leaves the stack depends upon a combi- 
nation of exit gas velocity, exit gas temperature, stack 
diameter, flue gas rate, and such meteorological factors 
as wind speed, air temperature, and atmospheric stability. 
3.  Variable o and a    (the dispersion coefficients) are 
measures of cross winds and vertical plume spread (length). 
Both parameters are functions of down wind distance and 
atmospheric stability. 
A.  Variable U is average wind speed (length/time). Wind 
speed is made to vary with height, and vertical variation 
and wind speed is treated using a power law formulation 
of vertical wind sheer, that is, the wind speed used is 
that calculated at the physical height of the source. 
5.  The term x represents SCL concentrations (mass/length 
cubed) resulting from a continuous source where the 
effluent rate is constant and where the meteorological 
paramenters determining plume geometry (wind speed, 
direction and stability) are constant. 
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6.  The elements X, Y, and Z are the up wind, cross-wind, 
and vertical component of the cartesian coordinate 
system, such that the receptive point is located at or 
vertically above the origin (expressed in units of 
length) and the source at point (X,-Y, H). 
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V 
DETERMINATION OF CRITICAL TERRAIN 
IN THE VICINITY OF THE 
ELECTRIC POWER STATION 
Host air quality models have assumptions appropriate to 
pollutant dispersion over flat terrain inherent in their design 
parameters. Although no air quality model yet exists which treats 
plume dispersion in complex terrain ideally, basic Gaussian diffusion 
models can be modified to more realistically depict the situation. 
Furthermore, meteorological conditions typical of a complex terrain, 
should at least be given quantitative consideration when selecting 
"representative data" and/or reviewing model results. 
Of particular concern to the present study is the valley- 
ridge terrain, typical of central eastern Pennsylvania. Terrain 
effects can result in channeling of the wind, downwash of the 
stack emissions, and high concentrations resulting from elevation 
differentials of a valley located plant and higher surrounding 
terrain. 
v 
This chapter will provide the background and determination 
of the critical terrain or topography (ridges and valley effects) 
in the vicinity of the test plant. 
30 
The test plant is located in Hontour County about 90 
kilometers north-northeast of Harrisburg, PA, and 35 kilometers 
south-east of Williamsport, PA. The site is at an elevation of 
540 ft. MSL.  Several ridges within 20 kilometers rise to over 
1200 ft. MSL. The eastern most portion of Bald Eagle Mountain 
rises to 1740 ft. MSL at 23.8 kilometers from the plant site. At 
24.9 kilometers southeast Nesquepeak Mountain rises to 1820 feet 
MSL. 
The following is the protocol used for choosing signifi- 
cant peaks at this particular site. A total of 50 analysis points 
were selected for this site. These points were selected on ridges 
within 20 kilometers of the plant site. The protocol used in 
selecting these sites was to (1) place a 16 sector overlay on a 
large scale topographic map of the area, (2) identify the maximum 
elevation of each ridge in each directional sector, (3) read the 
straight line distance (to the nearest 0.1 kilometer) and the peak 
elevation to the nearest 20 ft. MSL (from the topographic map of 
each point). The ground level concentrations for the plant param- 
eters and stack heights are computed automatically by the model 
and the program for the wind speed determined from the meteorol- 
ogical tower^  .  Figure II, Page 32 is a map showing the critical 
peaks in the area around the plant under study. 
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DEVELOPMENT OF PLUME RISE AND DISPERSION ESTIMATES 
The modeling technique used to determine Plume Rise and 
Concentrations will be Brigg's Plume Rise Estimates and Gaussian 
Point Source Diffusion Models. 
The plume is divided into four sequential stages by 
Briggs. The four stages are momentum stage, building stage, 
buoyancy stage, and diffusion stage. 
The plume can be determined at the end of the momentum 
stage by: 
DH = 2d fr" l3 
Where: 
DH = Plume Rise For Momentum Stage 
d = Inside Stack Diameter(m) 
V = Stack Exit Gas Velocity (m/sec) 
s 
U = Average wind speed of layer (m/sec) 
If the sum of DH and the physical stack height is greater 
than 2.5 times the height of the adjoining facility structures, 
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the piuse is estimated to have escaped entirely from the influence 
of building wake effects. 
At the end of the third or buoyancy stage, the pit 
rise has ceased. For stabilities A-D, the plume rise is equal to 
DHp = DH + l6 ^ ra when    X < 3.5* 
+ 1-6 -^/F(3.5X*)2 DHp = DH +    -*y-"» f when     X > 3.5 X* 
where: 
X*  =   horizontal distance from source where plume rise 
changes from momentum to buoyancy stage 
8(Vsr2) fc3 
(buoyancy flux) 
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For stabilities E, F, and G pluae rise may be estimated by 
DHj. = 2.9 l/u <g/T ) (A6/AZ) 
a 
where: 
g   = Gravitational acceleration' (o/sec) 
V   = Stack gas exit velocity (m/sec) 
s 
r   = Inside stack radius (meters) 
T   = Stack exit temperature (°K) 
s 
T = Ambient temperature (°K) 
U = Average wind speed of layer (m/sec) 
A6 = Change in potential temperature (°C) 
AZ = Change in height (meters) 
DIL, = Plume rise 
For the stable categories, a value for A6/AZ is estimated 
since potential temperature is usually unknown.  It is assumed 
that Pasquill E stability is equivalent to TVA "STABLE" stability 
and a value of 0.64° K/100 meters is assigned to A6/AZ. F stability 
is assumed to be equivalent to TVA's "MODERATE INVERSION" and 
A8/AZ is assigned a value of 1.36° K/100 meters.  G stability is 
assumed to be equivalent to TVA's "STRONG INVERSION" with a A6/AZ 
of 1.73° K/100 meters. 
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Atmospheric diffusion models permit a systems approach 
to air pollution control in that these models predict downwind 
concentrations of air pollutants as a function of source emissions, 
regional geography and meteorology. 
In this work we are concerned with the effect on air 
quality of emissions from power plant stacks.  We shall make use 
(18) 
of the familiar binomial diffusion model developed by Pasquill    , 
modified by Gifford    and widely disseminated by Turner   . 
Vertical distribution of spreading particles from an 
elevated point is related to the standard deviation of the wind 
elevation angle at the point of release.  Hay and Pasquill have 
presented experimental evidence to this fact.  Cramer derived the 
diffusion equation incorporating standard deviations of Guassian 
distribution. In this equation a    designates distribution of 
material in the plume across wind in the horizontal and a    desig- 
nates the vertical distribution of material in the plume.  These 
statistics were related to the standard deviation of azimuth angle 
and elevation angle calculated from wind measurements made with a 
bi-directional wind vane (bivane).  Values for diffusion parameters 
based on field diffusion test were suggested by Cramer.  Hay and 
Pasquill also presented a method for deriving the spread of pollu- 
tants from records of wind fluctuation.  Pasquill has further 
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proposed a method for estimating diffusion when such detail wind 
data are not available. This method expresses the height and 
angular spread of a diffusing plume in terns of more commonly 
observed weather parameters.  Suggested curves of height and 
angular speed as a function of distance down wind were given for 
several stability classes.  Gifford converted Pasquill's values of 
angular spread in height into standard deviations of plume concen- 
tration distribution O and a    Pasquill's method with Gifford y     z   ^ 
conversions incorporated will be developed as we go on. 
In the system considered here the origin is at the 
ground level at or beneath the point of emission, with the X axis 
extending horizontally in the direction of the mean wind. The Y 
axis is in the horizontal plane perpendicular to the X axis, and 
the Z axis extends vertically.  The plume travels along or parallel 
to the X axis. 
The concentration, x» at X, Y, Z from a continuous 
source with an effective emission height, H, is given by the 
following equation. 
Y(XYZH)= 2_  e-l/2(y/a )2 
y z 
2 2 
e_1/2 (-_->  +  e_1/2( 
a 
z 
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The notation used to depict this concentration is x(x,y,z; 
H). H is the height of the plume centerline when it becomes 
essentially level, and is the SUB of physical stack height, h, and 
the plume rise, AH.  The following assumptions are made: 
(1) the plume spread as a Gaussian distribution in both 
horizontal and vertical planes with standard deviations 
of plume concentrations distribution in the horizontal  ■"" 
and vertical of the o and a  , respectively; 
(2) the mean wind speed affecting the plume is U; 
(3) the uniform emission rate of pollutants is Q; 
(4) the total reflection of the plume takes place at the 
earth surface, i.e., there is no deposition or the 
reaction at the surface. 
The above equation is valid where diffusion in the 
direction of the plume travel can be neglected, that is, no 
diffusion in the X direction. 
This may be assumed if the release is continuous or if 
the duration of the release is equal to or greater than the travel 
time (x/U) from the source to the location of interest. 
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For concentrations calculated at ground level, i.e., z = 
zero the equation simplifies to: 
x (X.V.OjH) . ss-g-g . e"1'2 '"V2 . e-1'2 ™°S 
y z 
Where the concentration is to be calculated along the 
centerline of the plume (y = zero), further simplification results: 
y z 
This is the equation that will be used for a majority of 
the calculations in this paper.  Stability plays a great factor in 
this equation as you can see. The values of the a and or vary 
with the turbulent structure of the atmosphere, height above the 
surface, surface roughness, sampling time over which the concen- 
tration is to be estimated, wind speed, and distance from the source. 
For the parameter values given here, the sampling time is about 10 
minutes, the height to be the lowest several hundred meters of the 
atmosphere, and the surface to be relatively open country. 
Although the vertical spread may be less than the values 
for Class F with very light winds on a clear night, quantitative 
estimates of concentrations are nearly impossible for this condition. 
With very light winds on a clear night for ground level sources 
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free of topographic influences, frequent shifts in wind direction 
usually occur which serve to spread the plume horizontally.  For 
elevated sources under these extremely stable conditions, signifi- 
cant concentration usually do not reach ground level until the 
stability changes. 
A stable layer existing above an unstable layer will 
have the effect of restricting the vertical diffusion. The dis- 
persion computation can be modified for this situation by con- 
sidering the height of the base of the stable layer, L. At a 
height o above the plume centerline the concentration is 1/10 the 
plume centerline concentration at the same distance. When 1/10 
the plume centerline concentration extends to the stable layer, at 
height L, it is reasonable to assume that the distribution starts 
being affected by the lid. The following method is suggested to 
take care of this situation. 
Allow a    to increase with distance to a value of L/2.S 
or .47L. At this distance XT, the plume is assumed to have a 
Gaussian distribution in the vertical. Assume that by the time 
the plume travels twice this far, 2X., the plume has become uni- 
formly distributed between the earth surface and the height L, 
i.e. concentrations do not vary with height. For distances greater 
A0 
than 2X. the concentration for any height between the ground and L 
can be calculated from: 
v /y Y ,.H1 .  Q    -1/2 (y/o )2 X (X,Y,Z,H) - ^2nJ LU • e       y 
For any Z from 0 to L and for X greater than 2X,; X. is 
where o is equal to .47L. 
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USE OF A COMPUTER PROGRAM TO DETERMINE 
GROUND LEVEL CONCENTRATIONS OF SULFUR DIOXIDE 
Model Overview 
The Tara.Matt model is a computer program designed 
to simulate atmospheric dispersion processes for the purpose 
of calculating ambient concentration levels of atmospheric 
contaminants. The model is appropriate for applications to a 
wide variety of air pollution problems.  It has been utilized 
primarily in simulating the behavior of stack affluents from 
combustion sources. The computer program offers the cap- 
ability of considering simultaneously up to four stacks 
located at a common site. 
The types of application for which the model is 
well-suited include:  stack design studies, combustion source 
permit applications, regulatory variance evaluation, monitoring 
network design, control strategy evaluation for staged imple- 
mentation plans, fuel (e.g. coal) conversion studies, new 
source review, and prevention of significant deterioration. 
The model presents a specific set of input data 
requirements, and yields output data consisting of pollutant 
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concentration for a specific averaging time and receptor 
location. The input data requirements can be broadly clas- 
sified as source factors, site factors, and Meteorological 
factors. Source factors are related to the location and 
operating characteristics of the pollutant emission sources, 
while site factors include the effect of terrain and the 
location of sensitive receptors relative to the emission 
sources.  Meteorological factors represent the dispersion 
properties of the lower atmosphere at any particular time in 
terms of the joint occurrence of the specific condition of 
atmospheric stability, mixing depth, and winds. 
The model is composed of two parts, namely, a pit 
rise model for estimating the effective release height of the 
pollutant plume from a point source, and a diffusion model to 
calculate the down wind dispersion of the plume.  Both of 
these mathematical models attempt to represent the actual 
processes that occur in the atmosphere, under a simplifed set 
of assumptions. 
The rise of an emission plume above its source 
height often accounts for a significant reduction in the 
related-level concentrations. The model calculates the rise 
of hot, buoyant plumes under varying meteorological condi- 
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tions.  Representation of the transport and turbulent diffu- 
sion of a source plume is accomplished by Gaussian plume 
model. This model provides a representation of the time- 
averaged spatial distribution of pollutant concentrations 
downwind of a continuously emitting point source. The rate 
of expansion of the plume is characterized by a series of - 
empirical dispersion coefficients which are functions of 
atmospheric stability and downwind distance from the source. 
The Tara.Matt model is designed to calculate the 
contributions from multiple elevated stack emissions at a 
single plant location to ambient air quality levels, defined 
in the same time scales as the national ambient air quality 
standards. The program calculates concentrations for an 
entire year.  The model is based on a modified form of the 
Gaussian plume equation which uses empirical dispersion 
coefficients and includes adjustments for plume rise, lim- 
iting mixing height and elevated terrain.  Pollutant concen- 
trations are computed for measured hour values of wind speed 
and direction, and estimated hour values of atmospheric 
stability and mixing height. 
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Model Formulation 
Appendix I of this paper contains the flow charts 
of the execution of the model.  Initially the critical terrain 
which were selected earlier in the paper, are read into the 
program. The critical terrain (receptor) in this case is a 
point in space at which the ambient air quality is being 
determined.  For a given receptor, the data required as input 
to a dispersion model are its coordinate location relative to 
data of the pollutant source.  It's coordinate location 
consists of its horizontal distance from the source, and its 
mean sea level. These critical receptors are segmented by 
sector locations. 
Next, meteorological data is read into the program. 
The meteorological data required for input to a dispersion 
model characterize the transport and turbulent diffusion 
properties in the atmosphere. The parameters which are 
commonly used to characterize these processes are; wind 
direction, wind speed, and ambient temperatures (atmospheric 
stability).  Wind direction determines the direction of 
movement of the plume, i.e. its advection, which is the 
process of transport of an air parcel by the velocity field 
in the atmosphere. Wind speed affects the initial dilution 
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of the pollutant as it is emitted froa the stack.  Atmospheric 
stability (determined froa ambient temperatures) determines 
the rate of turbulent diffusion of the plume as it moves 
downwind. Ambient temperatures from the 150M and 10M level 
and wind direction and speed from the 150M level of a meteor- 
ological tower are used.  The meteorological tower is located 
approximately 400M downwind from the source. The program 
then checks the validity of the meteorological data. Wind 
speeds are valid in the range from .6 to 50 mph and wind 
direction is valid in the range from 0° to 540°. Data is 
assumed invalid if fewer than 25% (15 minutes) of the hour's 
60 minutes was valid. 
Next the atmospheric stability is calculated. 
Stability is an atmospheric property which characterizes the 
thermodynamic structure of the atmosphere in terms of sus- 
taining disturbances. Stability is commonly defined by com- 
parison of the actual temperature lapse rate with the "dry 
adiabatic" lapse rate and can broadly classified into classes 
of stable, neutral, and unstable. One of seven stability 
classes is determined from the meteorological data for each 
hour once the temperature lapse rate is calculated. The 
first six of these categories (1-6) correspond to Pasquill's 
classifications (A-F). The seventh category corresponds to 
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the 'dashes' of Pasquill's original classification    and 
represents the existence of a strong, ground-base nocturnal 
temperature inversion and nondefinable wind flow conditions, 
Next we correct wind speed from a reference height 
on the tower 150M to stack exit height 182M. The wind speed 
required for input into the model is considered to be repre- 
sentative of the conditions throughout the vertical height 
interval in which the plume is dispersing. The wind at the 
stack elevation is commonly used as an approximation to this 
condition. Because the wind is generally measured at some 
elevation lower than the stack elevation, an adjustment is 
made to that velocity by the following power law relationship: 
U = U 
o 
H 
ol 
U = Hourly wind speed at stack heights (m/sec) 
U = Hourly wind speed at 150M level 
H = Stack height (M) 
H = Height of reference wind speed 
P = Wind profile exponent 
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The profile exponent P is a function of the sta- 
bility. The adjusted wind speed is used by the Model to 
calculate pluate rise and dilution. 
The plant parameters are now read into the model. 
These include plant elevation and stack parameters for each 
stack, such as, plume emission rate, stack gas velocity, 
stack gas temperature, stack exit diameter, and physical 
stack height. 
The plant elevation is used in the analysis of 
uneven terrain by the model.  Effectively, the plant eleva- 
tion is taken as the reference plane. All receptor eleva- 
tions, plume heights and mixing heights are calculated rela- 
tive to this plane. 
The stack parameters are used by two components of 
the model. The emission rate for each stack is used directly 
in the modified Gaussian plume equation.  Stack gas para- 
meters, stack gas velocity, stack gas temperature and stack 
exit diameter are used in Briggs plume rise equation to 
calculate the buoyancy flux parameter. The estimate of plume 
rise is then added to the physical stack height to obtain the 
effective stack height used in the modified Gaussian plume 
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equation. The model provides for input of different values 
for pollutant emission rate for each month. Since variation 
in emissions are often due to changes in a plant's operating 
conditions, which in turn affects the values for stack gas 
velocity and stack gas temperature, the model allows monthly 
values to be input for these stack parameters.  For each 
one-hour concentration computed by the model, the values of 
pollutant emission rate, stack gas velocity, and stack gas 
temperature used are those corresponding to the month of the 
year which contains the one hour period. Thus, an execution 
of the model for an entire year will match up the monthly 
stack parameters with the appropriate month of meteorological 
data to provide a realistic simulation of actual conditions. 
The model is staged on a modified version of the 
Gaussian plume equation.  The model assumes a continuous 
emission source, steady-state downwind plume, and a Gaussian 
distribution for concentration of pollutants within the plume 
in both a crosswind and a vertical direction.  Plume rise is 
estimated using equations proposed by Briggs for hot buoyant 
plumes. As the plume expands due to any diffusion, it is 
diluted and transported downwind by the mean winds. The rate 
of expansion is characterized by a series of empirical dis- 
persion coefficients which are dependent on the stability of 
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the atmosphere, as determined in studies made by Pasquill and 
Gifford and reported by Turner. 
The Gaussian plume equation for a continuous emis- 
sion source gives the local concentration of a gas or aerosol 
at a ground level location. Where the wind is advecting the 
plume at a speed along the X axis and dispersing it along the 
crosswind and vertical direction with diffusion coefficient 
o and a  , respectively. The pollutant emission from the 
y   2 
source is at a uniform rate cue and is assumed to be released 
at an effective stack height.  It is assumed that the complete 
reflection of the plume takes place at the earth's surface, 
i.e. there is no atmospheric transformation or disposition at 
the surfaces. The concentration is an average over a time 
interval represented by o and a  . The model calculates 
short-term concentrations and uses these directly as one hour 
average concentrations without consideration of plume his- 
tory. 
The Gaussian plume equation is a solution to the 
simplified conservation and mass equation assuming nonzero 
wind speed and constant eddy diffusivities along the principal 
axis. The use of a single wind speed and constant direction 
in the Gaussian plume equation reflects the assumption that 
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the horizontal wind field is homogeneous, and that the effects 
of directional wind shear in the atmospheric boundary layer 
are not considered.  The effects of surface friction in 
reducing wind speeds near ground-level are taken into account. 
The empirical dispersion coefficients, o and o , 
y   * 
used in the model are those suggested by Pasquill and Gifford 
and reported by Turner. Values for a    and O are represented 
as a function of downwind distance from the emission source 
and the stability of the atmosphere. These values are repre- 
sentative for a sampling time of up to about one hour and 
were developed based on aerometric measurements taken in 
open, level or gently rolling country.  Implementation of 
these parameters in the model is accomplished by using piece- 
wise equations (dependent on stability) which approximate the 
dispersion curve between specific downwind distances. 
The effective height of emission used in the Gaussian 
plume equation is defined as the sum of the physical stack 
height and the plume rise. Estimates of plume rise are 
required to predict the dispersion and continuous gaseous 
emissions possessing buoyancy. The rise of emission plumes 
above their source release height often accounts for a sig- 
nificant reduction in related ground-level concentrations. 
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Plume rise in the single source model is estimated 
using equations proposed and later modified by Briggs. These 
equations are based on the assumption that plume rise depends 
on the inverse of the mean wind speed and is directly pro- 
portional to the 0.667 power of the downwind distance from the 
source, with different equations specified for the neutral- 
unstable conditions and the stable conditions. Only the 
final plume rise as predicted by Briggs is used in the model. 
Briggs plume rise equations were detailed in an earlier 
chapter. 
The final plume rise given by these formula does 
not take cognizance of "negative" buoyancy due to cold plumes, 
or aerodynamic effects from the flow field around the stack 
or nearby tall buildings and prominent terrain. The final 
plume height used by the model does not follow changes in 
terrain height. 
The model is an uneven terrain model that takes 
into account certain changes in ground elevation between the 
point of source emissions (the plant) and the surrounding 50 
receptor points. The method used in the model for making 
terrain adjustments is to lower the height of the plume 
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centerline by an amount equal to sixty percent of the diitance 
of the elevated receptor point above the ground elevation of 
the plant. The terrain adjustment made for any one receptor 
point does not affect considerations at any other receptor 
point. When the height of the receptor is above the shortest 
plant stack height, then plume impaction on surrounding 
terrain is possible and the model terminates processing. 
For multiple stacks, i.e., for more than one stack 
located in the same plant site area, the plume rise and 
dispersion conditions are augmented by the multiple plumes. 
(21) The Tennessee Valley Authorityv ' has estimated a multiple 
stack factor to account for this increased dispersion, which 
4/5 is N  , with N equal to the number of stacks. The require- 
ments for the use of this multiple stack factor are that the 
stacks be of equal (or nearly equal) height, and the units 
are comparable in size. The two 730 megawatt units being 
analyzed in this paper are identical units and both have 182M 
stacks. 
For successful application of the model, it must be 
recognized that the model is dependent on limitations imposed 
by the mathematical assumptions associated with the model, 
the availability and form of meteorological data, and the 
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structure of the computer program.  The restrictions which 
these limitations impose may be categorized into source, 
pollutant, and meteorological factors. 
Source factors which restrict the application of 
the model include a limitation to height, buoyant stack pli 
emissions.  In particular, the behavior of momentum-dominated 
plumes (i.e., cool, high velocity emissions) are not mathe- 
matically represented in the model. The model also does not 
simulate behavior of plumes which are' dominated by complex 
aerodynamic effects due to flow fields in the vicinity of the 
stack, nearby tall buildings or topographic features. Further- 
more, only emissions from chimney stacks are simulated thereby 
eliminating ill-defined and/or fugitive type emission sources. 
Because the computer program considers all stacks at a plant 
to be co-located, significant physical separation of stacks 
can produce erroneous results. Consequently, stack emissions 
at other sites are not included in the computer program. 
Further, the contribution to ambient pollutant concentrations 
from background sources is not included in the model. The 
model does not consider gravitational effects and chemical 
transformation of plume constituents; neither does it incor- 
porate any depletion mechanism, e.g. rainout, washout and dry 
deposition.  It assumes that the pollutants exhibit the 
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dispersion behavior of non-reactive gases. Thus, the model 
may somewhat overestimate concentrations under certain meteoro- 
logical and source conditions and it is therefore advised to 
review the data to avoid inaccuracies. 
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RESULTS 
The three ambient air standards for SO. are given in 
(Table II, Page 10). Of these three standards, evidence is growing 
that the primary 24 hour standard is the most restrictive standard 
to meet for regions with a number of SO. sources. However, the 
secondary three hour standard is very likely to be the most re- 
strictive standard for individual point sources, since conditions 
which can produce extremely poor dispersion may result for short 
periods of time (on the order of three hours), yet will not persist 
for more than about six hours. The poor dispersion condition 
referred to in this worst condition analysis is inversion trapping, 
which combines an upper level inversion with constant direction 
light winds below, for a three hour period. 
Since one hour average concentrations are computed as a 
function of this computer analysis, these ambient standards will 
be expressed as equivalent critical one hour averaging values. 
The three hour average is assumed equal to one hour 
average concentrations predicted for any set of conditions. This 
is a conservative approach since concentrations for shorter periods 
are usually higher than long term concentrations. Examinations of 
wind direction persistence and knowledge of the behavior of upper 
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level inversions indicate that identical Meteorological conditions 
can persist for three hours, perhaps 40% of the ti«e. This scans 
the three hour average allowance once per year is equivalent, in 
judging predicted violations, to at least a one hour concentration 
of 0.5 PPM SO.. This is a conservative estimate, since Publication 
No. 998-AP-26^ ' indicates on Page 38, that a three hour average 
is about 84% of the predicted on hour average. 
The one hour average concentrations equivalent to the 24 
hour standard of 0.14 PPM SO. is computed by assuming that critical 
conditions can prevail for a total of six hours out of 24. There- 
fore, the 24 hour average is 25% of the one hour average, and a 
one hour average of 0.56 PPM SO. is equivalent to the 24 hours 
average of 0.14 PPM SO.. With these assumptions, the secondary 
standard of 0.50 PPM SO. equivalent one hour average is more 
restrictive than the 0.56 PPM SO. criteria. 
Tables of resulting concentration were produced for 
sulfur dioxide.  Sixteen sectors are listed on the left side of 
the tables while three ranges of distances are listed across the 
top of the table. Each sector represents the area where the 
pollutant would be carried as a result of the wind direction. 
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Table IV (Page 59) lists the critical terrain in the 
vicinity of the generating station. When there was sore than one 
critical peak in a particular sector for a given distance range, 
the critical peak that gave the highest concentrations is noted. 
Table V (Page 60) shows the wind direction frequency 
distribution prepared from the 150M level wind direction sensor. 
The data on Tables VI through VIII are a result of 
applying the principles and model explained previously to a test 
case consisting of 2-730 megawatt units and appropriate plant 
parameters. The maximum one hour concentrations are presented in 
Table VI (Page 61). The maximum one hour concentration of .380 PPM 
occurred at a location 24.9 kilometers and elevation 554.736 
meters above sea level, southeast of the site. This is well below 
the .5 PPM secondary standard. The wind had a velocity of 1.1 
meters/sec. Table VI compares favorably to actual maximum ambient 
levels monitored in the area of the steam electric station. 
The maximum 24 hour concentration for SCL is presented 
in Table VII (Page 62). The primary standard of .14 PPM, maxiouia 
three hour concentration has not been exceeded. 
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TABLE IV 
CRITICAL TERRAIN IN THE VICINITY 
OF THE GENERATING STATION (FEET) 
DISTANCE (KM) 
Sector 0-10 10-15 15 
N 1240 - - 
NNE 1460 1240 1460 
NE 1320 1480 1480 
EKE 1280 1280 - 
E 1160 - 1080 
ESE 1200 1160 940 
SE 1080 1280 - 
SSE 1000 1200 - 
S - - - 
SSW 920 1390 900 
SW 790 - 1430 
WSW - 740 620 
W - 720 650 
WNN 1640 710 1040 
NV 960 1170 1100 
NNW 1280 1160 _ 
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TABLE V 
WIND DIRECTION FREQUENCY DISTRIBUTION 
PREPARED FROM 150 METER LEVEL 
Sector Frequency 
Direction Percent 
N 2.05 
NNE .4 
M .5 
ENE 1.3 
E 6.4 
ESE 3.1 
SE 4.1 
SSE 5.3 
S 5.75 
SSW 4.5 
SW 6.5 
WSW 13.4 
W 25.3 
WNW 8.2 
NW 9.9 
NNW 3.3 
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TABLE VI 
Sector 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
KNW 
MAXIMUM 1-HR. SO, CONCENTRATIONS (PPM) 
BURNING COAL WITH R SULRIR CONTENT OF 1.8% 
DISTANCE  (KM) 
0-10 10-15 >  15 
- - .042 
.010 .002 .041 
.001 .007 - 
.001 .010 .023 
.002 - .006 
.001 .002 .390 
- .014 - 
.065 .065 - 
- - .053 
.080 .065 .052 
- - .048 
- .061 .055 
- .064 .059 
.034 .058 .194 
.038 .030 - 
.090 .074 • 
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Sector 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
TABLE VII 
MAXIMUM 24-HR. SO, CONCENTRATIONS (PPM) 
BURNING COAL WITH A^SULFUR CONTENT OF 1.81 
DISTANCE (KM) 
0-10 10-15 >15 
- - .01 
.003 - .01 
- .002 - 
- .003 .006 
- ^  ™ .002 
- - .060 
- .004 - 
.016 .016 - 
- - .013 
.02 .016 .013 
- - .012 
- .015 .014 
- .016 .015 
.009 .015 .049 
.01 .008 - 
.023 .019 — 
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CONCLUSION 
Since it has been determined that the one hour average 
is more restrictive than the 24 hour ambient standard, additional 
calculations will be made working with the critical receptor 
identified in (Table VI, Page 64) with the highest one hour concen- 
tration. From 1.8%, the sulfur content of the coal is increased 
by increments of .05% until either the ambient or emission standards 
are violated. At a sulfur content of 2.35%, the ambient level was 
violated. Table VIII was then prepared showing the expected 
values of SO. concentration at the critical peaks burning 2.3% 
sulfur coal, which is the maximum sulfur coal that can be used. 
The 1.8% sulfur coal which gave a maximum one hour average of 
0.390 PPM was increased incrementally to 2.3% which gave a one 
hour concentration of 0.498 PPM and which approaches the ambient 
limit of 0.5 PPM.  It should be noted that the percent sulfur 
content of the coal could still be increased by .2% before the 
emission limit is violated. The resulting savings in fuel costs 
can be seen as follows. The cost differential between 1.8% sulfur 
coal and 2.3% sulfur coal was $1.10/ton for the year studied per 
Federal Power Commission report.  In this particular year 4,172,286 
tons of coal was consumed. Burning coal with a sulfur content to 
meet the worst condition would show a savings of $4,589,514.60. A 
greater savings could be realized with an on-line fuel strategy 
using on-site meteorological data. 
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TABLE VIII 
MAXIMUM 1-HR. SO, CONCENTRATIONS (PPM) 
BURNING COAL WITH A SULFUR CONTENT OF 2.31 
Sector 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
wsw 
w 
WNW 
NW 
NNW 
DISTANCE  (KM) 
0-10 10-15 >15 
- - .054 
.013 .003 .052 
.001 .009 - 
.001 .013 .029 
.003 - .008 
.001 .003 .498 
- .018 - 
.083 .083 - 
- - .068 
.102 .083 .066 
- - .061 
- .79 .070 
- .082 .075 
.043 .074 .248 
.049 .038 - 
.115 .095 — 
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APPENDIX I 
FLOW CHART FOR COMPUTER PROGRAM 
TARA.MATT 
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